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INTRODUCTION
The Adamawa plateau is a horst limited North and South by large N70°E striking-slip faults (Adamawa and Djérém-Mbéré faults respectively). This horst consists of Precambrian metamorphic rocks intruded by Paleozoic granite-syenite plutons (Ganwa et al., 2011) . The N70°E faults belong to the volcanic units are broadly distinguished in the Adamawa region (Nkouandou et al., 2008) : The (1) Cretaceous-Paleogene lower black series mostly consists in basaltic lava flows completely modified by lateritic alteration, clinopyroxene phenocrysts being sometimes preserved inside a reddish groundmass. The (2) white intermediate series is of Miocene age and consists in numerous trachytes and phonolites plugs mostly North and East of Ngaoundéré (Nkouandou et al., 2008) . The (3) upper black series consists in Pliocene-Quaternary basaltic strombolian cones and their associated lava flows mostly South of Ngaoundéré. In the North and East of Ngaoundéré, basaltic lava flows of the upper series have been emitted by numerous centers now observed as necks (Voglar, Pofreh, Bijoro) . Despite the present southwards slope of the plateau, most of the lavas flowed radially around the centers. Previous studies on the Miocene volcanic of Ngaoundéré area (Nkouandou et al., 2008 (Nkouandou et al., , 2010 Fagny et al., 2012; Mbowou et al., 2013) have constrained the main petrogenesis processes at the origin of Adamawa plateau volcanism. This work presents the petrogenetic models of Miocene volcanism from the North and East of Ngaoundéré, using the unpublished supplement data of basaltic and newly analysed phonolitic and trachytic rocks.
MATERIALS AND METHODS Geological setting
Geological map of the volcanism of Ngaoundéré is presented in Figure 2 . The lavas are of basaltic and intermediate composition.
Phonotephrite-benmoreite breccias, phonolite and trachyte flows and plugs, and recent tiny outpourings of basaltic lavas are also present. Three units of basaltic lava flows (lower (LFU), middle (MFU) and upper (UFU) flow units) are distinguished by their stratigraphic and surface-weathering characteristics.
The thickness of the lithosphere beneath the Adamawa plateau is reduced to 80 km and the density of the underlying asthenosphere is abnomalously low as deduced from gravity (negative Bouguer anomalies, Nnange et al., 2001) and seismic (Nnange et al., 2000) data. Underline mantle of Adamawa plateau mainly composed of lherzolite peridotite (Nkouandou et al., 2011 (Nkouandou et al., , 2015 . The continental crust of the Adamawa plateau is thin (20 km) and consists of Precambrian metamorphic rocks intruded by granitoids of Pan-African age (610-652 ± 54 Ma) or older (926 ±12 Ma) (Tchameni et al., 2006; Ganwa et al., 2011b Ganwa et al., , 2016 , crosscut by dolerites of continental tholeiite composition (Nkouandou et al., 2015) and partially covered by volcanic rocks.
Materials and analytical method
12 major and trace element analyses of lavas were determined using representative samples by ICP-AES and ICP-MS at the Acmel laboratory of Vancouver, Canada (Table 1 ). The prepared samples were mixed with LiBO 2 /Li 2 B 4 O flux. Crucibles were fused in a furnace. The cooled bead were dissolved in ACS-grade nitric acid and analyzed by ICP and/or ICP-MS. Loss on ignition (LOI) is determined by igniting a sample split then measuring the weight loss. Data corrections were made using a PAP method correction of Pouchou and Pichoir (1991) .
RESULTS

Major element distribution
Lavas are named ( Figure 3 ) according to IUGS classification after Le Maitre (2002) . There are basalt, phonotephrite, trachyte and phonolite. Trachytes containing nepheline phase are considering as phonolite. Major element distribution is illustrated in Figure 4 . Contents in TiO 2, Fe 2 O 3 , MgO, CaO and P2O5 decrease while contents in Al 2 O 3 , Na 2 O and K 2 O increase from basaltic to felsic lavas. Particularly, Al 2 O 3 contents increase from basaltic lavas to phonolites then decrease till trachytes. P 2 O 5 contents increase in basalts and phonotephrite then strongly decrease to very low values in felsic lavas, nearby the detection limit.
Trace elements distribution
In spiderdiagrams, basaltic lava patterns are similar to typical Ocean Island Basalts (OIB) patterns with positive Nb-Ta, Ba and negative K and Pb anomalies. Slightly negative Ti anomaly characterizes phonotephrite ( Figure 5A ). Felsic lava patterns are characterized by positive anomalies in Rb, Th, Nb, Ta, Hf and Zr and marked negative anomalies in Ba, P, Sr and Ti, and slight negative anomaly in K. Phonolites are depleted in Rare Earth Elements (REE). Trachytes have more pronounced positive and negative anomalies. There is no Eu-anomaly (except for trachytes).As a typical feature of alkaline basaltic lavas worldwide, REE normalized patterns have a regular decrease from La to Lu and do not have europium anomaly ( Figure 5B ). Felsic lavas are characterized by spoon-shaped patterns particularly for phonolites NG2F (dashed pattern) and NG22. Trachytes have relatively high REE contents and a noteworthy Eu anomaly (Eu/Eu*= EuN/√SmN*GdN), especially for phonolite NG16 ( Figure 5B) , as low as 0.7. 
DISCUSSION
Fractional crystallization modeling
Considering major elements, decrease of MgO, Fe 2 O 3 , TiO 2 and CaO contents with increasing SiO 2 contents ( Figure 5 ) suggest fractionation of olivine, clinopyroxene and Fe-Ti-oxides in a parental basaltic magma. Decrease in Al 2 O 3 , Na 2 O and K 2 O in felsic lavas results from feldspar fractionation and decrease in P 2 O 5 corresponds to apatite fractionation.
Fractional Crystallization modeling with major elements distribution by massbalance crystal fractionation has been attempted by Nkouandou et al. (2008) and Nkouandou et al. (2010) by using the compositions of the mineral phases present as phenocrysts in the lavas. This model is reexamined in this work where calculated chemical compositions of lavas and proportions of removed mineral phases during differentiation of the magmas were determined using mass-balance computation minimizing the sum of squares of residuals. The result of this modeling from basalts to evolved felsic lavas follows the differentiation evolution as indicated in Figure 6 and results are recorded in Table 2 .
Trace elements' modeling of closedsystem Assimilation and Fractional Crystallization (AFC) has also been attempted in this study, using bulk distribution coefficient values from the literature ( Blundy and Wood, 2003) and mineral proportions as previously determined in major element modeling (Table 2) , using equation (1). C i l =C i o F (Di -1) (1) C l i is the concentration of element "i" in calculated liquid "l"; C o i is the concentration element "i" in the parental magma; F is the proportion of fractionated parental liquid and Di, the distribution coefficient of element "i". Kd used for the calculation of distribution coefficients Di used in this model are taken from Blundy and Wood (2003) . Data used here integrate the previous (Nkouandou et al., 2018 (Nkouandou et al., , 2010 and newly analyses ( Table 1) .
Results of detail modeling illustrated here (Figure 7) are consistent with a differentiation of the whole lava series dominated by AFC. It occurred that modeling using such an AFC process failed for tentative derivation of some phonolites and trachytes from any proposed parental felsic lavas of the series.
Partial melting rate determination
Determination of partial melting rate for Ngaoundéré volcanism is revisited here, using the method of fractional melting based on the mean of integration between 0 and F (melting interval) proposed by Shaw (1970) :
pooled represents the mean of integration between 0 and F of fractions infinitesimals of produced liquids, Cio is the concentration of element "i" in the source, F is the rate of partial melting, Di is the distribution coefficient and Pi the coefficient of mineral proportion entering the liquid. For Di and Pi calculation, partitions coefficients Kd for different minerals are the same used in the previous models. Numerous compositions of multi-component mantle sources have been proposed for alkaline lava series worldwide (Stracke et al., 2005) . Following the models proposed for the genesis of the magma sources of French Polynesia (Clouard et al., 2000) lava series, we propose three compositions of different mantle sources for this model: (1) High µ (HIMU) type mantle source composed of 18% Mid-Ocean Ridge Basalts (MORB) and 81% depleted mantle with the small amount of pelagic sediment (1%) and phlogopite residue in the garnet stability field, (2) depleted mantle in the spinel stability field and (3) depleted mantle in the garnet stability field (Nkouandou, 2006 for more details). The different mineralogical mantle modes used in the model are from Johnson et al. (1990) . The results show that only mantle source of HIMU type component in the garnet stability field matches with the compositions of the Ngaoundéré parental basalt. The results are shown in Figure 8 as multielement and REE normalized (to Hofmann, 1988 ) pattern compared to the Ngaoundéré parental basalts (NG132, NG121) and the calculated daughter liquid patterns. The multielement patterns (Figure 8a ) of the calculated daughter liquids match with 2% melt fraction. In REE element diagram (Figure 8b) , the 3% melt fraction match with the NG132 and NG121 of Ngaoundéré basalt. The presence of garnet suggests the approximate depth of 80 km for Ngaoundéré mantle source. Keliphite garnet found in the pyroclastite of Youkou region (05 km far from Ngaoundéré) (Temdjim, 2005 ) enhances this suggestion. By now, our model suggests that the Ngaoundéré parental magma basalt have been probably produced by the degree of melting of 2 to 3% of the peridotitic mantle which composition is similar to that of HIMU component (18%MORB + 81%DM+1% pelagic sediment + residual phlogopite) in the garnet stability field at the depth of nearly 80 km. The low partial melting rate is consistent with the high (Ce/Yb) N ratios (15.0 -18.0) and which is similar to those calculated for the continental and oceanic sectors of the Cameroon Volcanic Line (CVL): 12 < (Ce/Yb) N < 22 Kamgan et al., 2010) . These results are strongly supported by the recent geochemical modeling proposed by Asaah et al. (2015) for the whole CVL volcanism.
Conclusion
Ngaoundéré Cenozoic volcanism is consistent with a cogenetic alkaline lava series. Geochemistry and detail modeling of petrogenetic processes of the composition of the parental magmas for the whole series is consistent with parental magmas undergo crystal fractionation of olivine, Fe-Ti oxides, clinopyroxene (± plagioclase), producing magmas of phonotephrite composition. Felsic lavas have been produced by the fractionation of K-feldspar, clinopyroxene, amphibole, biotite, Fe-Ti oxides, nosean, nepheline and aenigmatite. All lavas have been preserved from crustal contamination. Thus, Adamawa felsic lavas are not the result of continuous crustal contamination as previously suggested for some felsic lavas of continental sector of Cameroon Volcanic Line. The best fit for the calculated composition of the magma source of Ngaoundéré basaltic lavas is the combination of 18% DM + 81% MORB + 1% + of pelagic sediment + 1% phlogopite phase. The partial melting rate of 2 to 3 wt%, contrary to 1 to 2% partial melting previously proposed, is at the origin of Ngaoundéré parental basalt. The composition of this source is slightly different from that of CVL. 
